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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electronic device 
that has an electrode which is jointable at a low temperature, 
and can increase the junction strength of the electrode. 
SOLUTION: In a semiconductor device (an electronic device) 1 , 
a liquid phase diffusion junction layer 56 is interposed on an 
electrode 1 10, having liquid phase diffusion metal at least on a 
surface layer to joint a metal bump electrode 40. Copper or the 
like is used as the liquid phase diffusion metal. The liquid phase 
diffusion junction layer 56 is made of a first metal layer 52 for 
junction, that is combined (liquid phase diffusion) with the liquid 
phase diffusion metal, and a second metal for junction that 
decreases liquid phase diffusion temperature. Tin or the like is 
used as the first metal layer 52 for jointing, and bismuth or the 
like is used as a second metal layer 53 for jointing. 
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[0056] [^^«:i^e(0«it] IS 1 4 IC^i- i 5 
IC, *^gg©M2C0|ltS©JJ^«gl-ffi5BL - I LB^^S: 
5r^ffli-5¥*«^^a2lt. S«7 0t, Sffi7 0±CD 

^ s/ 7*) 2 0 i: , 2 0 Sr»S|-t-^«^«Jig 3 4o 

2t, i|£^«:*^2 0%»g|-r5;^xw7-t-3 ItS: 

7 0Ci«ffi(cE^$tifc^laJSB^7 2±(ciiiffljK-yufl; 

[ 0 0 5 7 ] Sfi 7 0 tat. *l6S^©f5 1 

Bx-T'StSiJJffiffl^tH, 5 0t:~3 0 O'CcD 

[0 0 5 8] £tS7 0(^S9± (@>^T«!IISS) im]) so 
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-K7 imS:$*vrv>5. iO!J-K71l4, 0^1, 

HI (A) ir^-f-y-KE^i itnmim^ 

11 6tr^ft$-a:-CSffi7 0OgSlc^»^tiTV^5, 

£«i ooi'^giJ^j- (ii^m»m^2o<D-7^yhmm 

(c«Hp7 OHSrffUTisD. rrogSP 7 0 Hictty - 
K 7 1 1 cD-«(|i)ismS (Vi'-iv y - K) 7 1 0 t LT 

^^}$^^rv^5o w<Dmffi7ioi4, 
isj > r^iomisj xn r^2<DmSj <^-*«:«»li- 
^fSi-stro-cfes, s«7 o©«alS^J^)•l-*5v^Ty- 
K7 i(oi&i&mtif^nic^7 2\zm^m'mm^hx\^ 

So y-K7 l32t;5l;:^:m--{*:Wt-«^$ti^c«1S7 

1 0 i>>^if&^uwi.^s.x-h^m^ 

K(4«;t«2 0 MmroKJ¥■C?i5B^$^^-CV^So y-K7 
1 <D'J;^f£ < t tWM 7 10 <D^m\a-i.mBfliM. C u to 
otKta^^trVV 11117 1 OtommU^Rma xl4 
0. 2MmiSlT»c»;S§nSrt:6Wl'V>. ^SP4»^- 

[0 0 5 9] S«7 OlCiBV^T, «®«l4y-K7 1© 
mS7 1 OcOtaigcSrl^^y-'i'^-V'i?;^ hK7 4ICJ;I3 

[0 0 6 0] 2 0 14. *^Mco» 1 O^tSW 

mmim^^m»^'i-2o tmmvh^. i<D±mi:m 

^>v^$^^Tv^5o ¥^(**i=-2 0o±Slw»4^i:<D# 
Vt'-^ v^^/^y K (mffi 2 l/!)SEfa$i^TV^5» 
[006 1] ^:LT. 01 424.U'iai 5 Ic^^i-J; 5 Cl, 

tt, *%B^omiro*iSwjgffilc:'»5¥^<*:ilfii 

y - K 7 1 (Dnm 7 1 0 1 . ?stat£ft:&jR, ^ 
(^jRffia:»^mi::^k-a-$-arsi^iro«-a-ffl^m (t^^tf 

Sn) . S.tJ'^ffiJSit^MtmK^g^^ffl^JStroib-g- 
aS5rT(f5i5 2 0»^ffl&M («X«B i) ^'pft< 
t t^tf, Ilfli7 1 0±<D>Kffii£ii:g-a-S5 6 t, 
l£«gf^S5 6±©^/^:^7'«ffi4 0 i:?r«^. Wm. 

5 6SU«^/^:/yaiS4 0 i $r:^t-iaE$-1i:T«ffi 
7 1 Oi^'^^ig^-2 0(^#>'X'f:/^'^^2' K2 1 

S5 6tt, 3l§gH:> mffi7 1 0±roCu3 SnA»f)*« 
Sl<^S-&*5 6 Ai:> 1 £0^-^-15 6 A±(DC 

U6 Sns i»t>^i5®2Wg-g-a5 6 BiJJliDfll^^ 

[0 0 6 2] m^'^fm=f'2Q<r>if-yy''<l/y^<y^2\ 
t ^/<vy€ffi4 0 k (r)m\ty'^ y p< ^/wl 5 5 ^ittE 

B) i4(*a«j!S3 2(ci9«a$ixTv^5. z.<r>imm 

113 2»::tt«a|itfsJ<y>C S K5^«H8«r*fflttl-ffiffl-f 5 
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10 0 6 3] w(Di5lC«fie$Jt5*^B^(D||2(D#gi: 

mmi:i%i^m»mmi tmrnic. mmiio t^tiiz 

10 0 6 4] Ci|^««:^gw®!ig;^S] iJcic, :^mmco 

1 6RUmi 7 imMLX^m-Tio 

[0 0 6 5] (1) *MBJ(^||2 0*Jg(DJg^|C#5ifi 

*-f 7 0 i^mm^ii. Sffi70(?5y-K7i 

roms (f-A y - K) 7 10 (Dmm±\zfs i ©g^ffl 

m^iiSn) 5 2. M2<oa#ffl^J||fl 
B i ) 5 3 (r)^ti^H%mi^^^i-i>. 
[0 0 6 6] (2) fUS^jSv-T^-fi^^^g (igi 6# 
SSo ) 6 0IC^^V^T. *Dfi;^X-v?6 l±|C73:^;:?.T 
s/:/-e^^{*:*i^2 0 5:«Sfit#1-5, iii«ft:^^2 0 
lc:*JV^Tfi:, ^>y'^>y/<y K2 l±{c:y<y i'^^/u 
S5 5Sr:fr?t$*T&/^>'yi;ffi4 0*SES$tifc^^t)i 
icfcS, m 6lc^-fJ;5l-, JPfi;^r-i^6 llc^g 
Li*Jt^Fn^S:iji^fr^^^2 0 tMxr-i^e 1 ±\zM 
^S.n^iititom)Ximy-/\^ e 2 t ©P.gi::S;E 7 0 Sr(4 

2 0©^i^x>C>'i//<s' K2 I±lc^>'^>7'm8i4 OS: 

:?hi£$*TSS7 owmffi7 1 oamn^ib^tii). 

.[0 06 7] (.3) mi7K^i-i:o\c^ Mfmmy- 
>'i'6 2(ci t)stR7 0(Daffi7 1 owns (iai71'± 

mmm) t:mmtzti:h\cmsu ¥^<*^^2ocd 

#>'X'f 'yif/<y K2 1 tSffi7 0©fi;ffi7 1 0 iORS 
«r&^'<>'7'affi4 0 4r^hft^t*ri»EtjK>'7'-t' 

^roit, mije(7)j;5lc^20jg^ffi^iRS53l:: 
i !?^li^^a*;i5T(f t>ixfe:t^t«glcJoV^Tm<i7 1 0©C 
u i B 1 f^S-g-fflt^Ml 5 2 S n t ^Mt-g-f S^lf t£ 
«S: t J: (9 . 7 1 0 1 4 0 1 oFfllcSJffi 

t£»S^l5 6:i5^fiX*ix, rc0ffiti&«g^g5 6»C 
i DfHi 7 1 0 t&/<>-7'mffi4 0 i: (OPb^;451:^Wj4^o 

6 2 O-^-n^HOSOlSiS^titSfi, 70'C~200'C 



[0 0 6 8] (4) ¥^<*:«^2 0©£5«rMat-5« 

mags 2Sr?]^fiei-5 (HI 4#Bs, ) . >mmtz 2 

P 7 0HSriiLT^xfi»te5r^-rs*f!J'f ^ K^;^ 

[0 0 6 9] (5) ^5f#:*^^2 OSrStatiSStS^ 
xw7-f-3 l^St>)#it^,::i:(CJ;t9, *^BJ«^2 

10 #S (Hi 4#BS„ ) „ 

[0 0 7 0] (6) ^<r>'ik. if^^(^:ga2(DS«7 0C0 
^SasiS^ 7 2 lci|£H5i?->'H;ffi4 l ^S^jgeK^HS. 
[007 1] w©i 5 Jfe*:!!!?©* 2 ©SlJ|©JglBl^« 
5¥*^*^g2oM3t::^fttc*3^^Tt4. %mi \^<nm. 

mm.'kWk (Cu) t^KDg^ffl^MS (Sn) 5 2 

tw^t-g-ias (SEffiiticiaa) ^m2©g§^ffl^jg (b 

i) 5 3lc±!9Tff5ri:;iS-et5©T?, S8i7 lOi 
^^^:/7'«ffi4 0 ioFBl©g-g-}aS^T(fTlSma:/n 

20 [0072] (ma ©Hifiojgffi) *36?go^ 3 ronn 

[00 7 3] lai 8IC^-fi5l-, 3|s:*M0^3©J|Jg 

o?gli(C'»5itt^«w^a3tt. (;5'::/y-K) so 
y^Mz^%W-n^2Qi:. ^#ff^^2 O©;!?^?'^ 

^-y-K^sm^fi^ic^ii^^tifcy- KB oBt, 9-f 

30 8 OA, Jlt^^^^^2 OSr/y-KS OBOvTi^-t-y 
- K5r^^gttiti-5<»J!gtf±gB8 2 i Sr«xTfll||$ix 
TV>5. 

[0 0 7 4] *^5^(73^3W^JS©ilg)i(C*5VNT, 

soASu'y-Ks oBiiiM-y- K^w-Aci-ftief) 

iCJi^fiK $ i^T V W Sr 3 (Z^MiST" n -fe ;^ 

iM^SL-fu^X) ic*jv>Ty-K7u-Aro#^4i:>a»t>§j 

»ftfi£Stfc'tjroT?$>6. r.o^'ys 0 ASt/y- K8 

»=s/^>'i' (Fe-Ni) -a-cfe^^^rUfflWlcft 
40 ffli-5it!iS-Ct5o ^'^SOARU^y-KSO 

[00 7 5] ^^mi=i- 2 0 ttfSlBt£«fcS?-g-S 5 6 Sr:fr 
5 6 ±IE:$:^!^wm 1 

Rlil^^JC, :i':/8 0A±©Cu3 Sn;a>?}7tSifl 
©g5-g-«5 6At, wOmi©S'g'S5 6A±©Cu6 

Sns /!i^t,/j:5f[2©S-&^5 6Bt, ^h\z.^2<r)^ 
50 -g-15 6B±ICCu3 Sn;i'fj^j:S||3©a^l5 6C 
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«5 4A, SlC«^-g-ffl&iRS5 2A, B2rog-g-ffl^ 

S 5 3 Aro^Jx€ix;iS)«»:Jg^$ixT*J !? , ^l^^ft^^^ 

2 0(D«B±lC?Stgteti:&JS»5 4B> »3 0^-g-ffl^ 
JSl 5 2 B . m 4 (Og-g-ffl^JRl 5 3 B(0^ix^Mm 
iJcJgfiK^ixTV^So *:M?^©B3 0*Jg©JgfilC#5ii£ 
3f«:Sg«3Jcj3V>T, «Effife»&iSg5 4A, 5 4B© 

5 2 A, ||3i73S-&-ffi^Ji«5 2B©-?:n^JllCI4, * 
ISW<OlS 1 ©*JS®}K«fC«5¥««cS« 1 1 
-g-ffldkJISS 2 tl^^l'S nfeo^^^*ffl6f)^r^effl1- 
5rt;iS•ft?,„ m2 0a^ffl^JSl5 3A, 
m4«g?^ffl&SS5 3BIC«, *^?go|?l<D*ffiO 

mmz.^i>^mi^mm i <om 2 ©s-g-ffl^Mi 5 a t 

[0 0 7 6] jgtit£m«!,SI(l. 1 5 Ot;~ 2 0 0 

"C©}ag|;ifcv>T, 1 o#ia*nfi-rs:itJcj;t), ^2 20 

ffi-c^ 8 0 A±(Dmn&n^mm 5 4 a t ^ 1 og-g- 

ffl&Ml 5 2 A i: Sr{b^$-a:. ® 1 cog-g-g 5 6 AMU^ 
lcm2<DS-&a5 6B©-Si55:^^-f-5rt;i5-et. ® 

4 ©jg^ffl^Mg 5 3 B fCi oTYk^aSASTtf f)nfc 

2 0 <^»S±Wj«1f 5 4 B 

5 5 6 CMmc^ 2 rog^-g-g 5 6 B <7)^ t) ©-aS&^fiK 

i-sc:i::6s-e#, mnti^W!m'^m5 6i:m^-rz:Ltii 

T^5o 30 

[0 0 7 7] /i*3, mnw:W!.-&mm 5 4 a, 5 4 b , m 
1 roM-g-ffl^JS® 5 2 A, m2 (om-^m-^mm 5 3 a, 
B 3 (o^-tm^mm 5 2 B , ifi4 (^^-s-is^iis 5 3 B 

[0 0 7 8] immnmznmmommmi^^mwm 

ttSlCjav^T, i|i«<^^^2 0i:^y8 0Ai:cO|k^l4fl; 

[0 0 7 9] :K>'r^^'^7'l'-\'8 1 IC(4, t^J;?.liAu 
[0080] OTSit±gi58 2 

±SB8 2tt hy>-;^7r*->'i'Ki£{c:i DJgfiK^ix-rv'' 
[0 0 8 11 r.©J:5»w«fiiJ$*T.5*«M«)^304${R 50 
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Jg^lC#?)ii^^(*:^®l, :*:^BJ<r)||2<D^ffiOJgffilC 
^•5*«flJ^e2 0*ix-eixi:l^«l;i, f:/ 8 
OAi:-tn(^«i^^ns(iroij£^(*5g^2 0 (-^y:!:/ 

m 2 Ojg-g-ffi&JSS (^xliBi) 53AXU'm4C0S 
^ffl^Sl 5 3 B ;c J; 19 Ttf , ;t*3A>o3R:&<OK(^gE-^ 

^g^s 2 (og-g-ffit^Mi 5 3 ARxj^mA: nrn^m^^ 

^5 3BlCj;>JiS»5rt*S-Ct-5, tJ£oT, ^':/8 0 
A±(CN^^{*^^ 2 0 V h-f S^g-OfiJE*!!?!^ 

r >'^oaa?:0ii;tii3 0 o'x:&rf<Di&mLSL\z.WL^-t 

«^-20t^':/80 A t ©WroJSffi&ftgS-g-Jl 5 6 ttlR 
e«tt(cSix-rv^5roT\ ifcfiSfi*©i8iVNi|£3f<^$lll3 

[0 0 8 2] mAommnmm) ^w^<n%A<omm 

[0 08 3] 020 5 1-, *^?g©ll4 ©H;® 

^«(*il«4(4. Stg9 0t. S«9 0±OFC;&^-C 
xTW^Sn-CV^So SblC, it^*ft:|gfi4l4, a«9 

ooSffiCiEti^^nfc^l-aJiSS-? 9 2±{j:J|£ffl3p-/wmil 

4 1 SriixLTV^So 

[0 0 8 4] W^9 0\Z\-i. 3Lif.^^y:^MmmW.. "iry 

9 0©«iB± (iat}'±fl!l35Si) i::i4P-Kiai»9 liSia 

gli (A) ic^i-y-Kia^ii 

$-erTSffi9 0©«^|cg§*$i^TV^5. y-KgH«|9 

1 roijt^flcsg^ 2 0 1 (ommn^^trnms lot uT^st 
ffij > r^iomfe 3ii4 rii2(Dmffij ©-*«:^(c 

^m-ti>\,(OX'h^. y-Kiai^9 ll4Stg9 iSrRii 
■t-5Si^?Liail9 3 SriiUT^SBiB^ 9 2 icm^Wl^lg 
iM$^^T^^5. y-KSEi^9 ia6V(c^tt(c-<^Wlc« 
Eic^nfcmffi 9 1 0 l4ffim€^tt(Cgti,. *^o?StSfiA^ 

r®CuSBU4«i|;ttf2 0Mm®^-ejg^S*vT 

V^5o y-Kgai^9 l©'>/i< i:tllS9 1 OcDSffil- 

i4W^®ia. cuiit>ot*!iia^5rtTV>, 1 ow^ 

gDa$Rmax»4 0. 2 m niUiT»-S:^^?tt-5 :i i: 
4LV\ *t.SiJSS^9 2lctt. y-KEI!l9 1 tl^^i::. 
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[0 0 8 5] i^^i^m^ 2 0 :^mmo^ 1 W^igco 

[0 0 8 6] -tLT. ^mm(om4(omm(ommim?> 

(0il;t(iCu) ^*-t-.5y-KE^9 lcomii9 io 
lot, ;i<^jKtBS£«C^m{c{|i^$-B:5 

^ 1 ©g-g-ffl^Mt <0{li-a-iaS5rTlf 2 cDg-g-ffl^ 
M («!ilx.liB i) i'pf£< th-sts. an 9 1 0±»j^ 

isffiics^a 5 6 1 , 5 6 ±cDmy<>^y 

ffi4 2t^^tE^'&rmM9 1 0 ti#^fr^^^2 0(^# 

1 0±(DCU3 Sn*^b^i5Ml<^S-g-H5 6Ai, r. 
W»1<^S^«5 6 A±C«Cu6 Sns i)^hti:^fS2(D 
g?^l5 6Bt, $P>lCS2(Dft-a-l5 6B±OCu3 

S n>4»e>/i5fR30g^« 5 6 C t tJ: !9«fig$iXTV^ 

[0 0 8 7] 1112 ICl^-ri?!-. ^^ff:^^^2 OCOS 

(Djg^ffl^JSS 5 2 A, m 2 (Dm-^m4km 5 3 AO-tH 

©IK^ffl^fia 5 2 3, « 4 (Dg^l^JlS 5 3 B ro-t 

Cul«)-5t*!iam:m\ WM910 
©^Sa^Rma xflO. 2 m miilTJ-lft^t^stV-S r t 
!65ff*LV\ *:^?^(D^4W^16®JgllS{c#52|£#«:^ 
a4i;:4oV>T, ^loS-g-fflifejSSS 2A, Hsog-g- 

^wm?)^^mf^mw: 1 i ©s-a-ffl&jss 5 2tm 
e>i-, »2o^-g-ffl;&jRa5 3A, tS4(om-^m&^m « 

1 0 0 8 8 1 jstitttkiaatt, m^ii 1 5 o t;~ 2 o o 

'Croi&S(c*^^^T, 1 0#^J!iDl^1-5r ticio, ^2 

iit?affi9 1 oojKifi£»^jR (cu) tmios^ffl 

5 2 A t Sr^k^$-lir, ^ 1 WS^® 5 6 A^WZ 

s^2(Dm^M5&B0)-^^±^-tZ:zti)^-C^. »4 
rojg-g-ffl^JggS 3 BlwJ;o-C{b-g-iaSij5Ttfe>ixfc<^ so 
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«g-ClH^^'>'7'«S 4 2 roJStil£»C^M t M 3 ©S^ffl^ 
2BiSrik^$*, ll3<t>S-^l5 6Catt>'lw^ 
2<^S^S5 6Broat)<^-g|JSr4fi£1-5;iid5-et, 

[0 0 8 9] nc*3, ^10S!-g-ffl^JSJi5 2A, »2© 

^■g-ffl^&Ji^S 3A, m3<7)g-g-ffl:femi5 2B, ^4 

TI4, 1 (r)mm<oj^m\mz^m»mm i -c 

[0 0 9 0] ^m»^^2 0<o^^yT'<yi^^<'> K2 i 
i:^/^:/y^mffi4 2 ^:ro^l4/'5yi^^^5'/^«5 5?r^?£ 

[0 0 9 1] r©J:5l::«fiK$^^5*^§^roi^4rol|#a 

tcfil5¥^^^^^fi4(c^^v^Tl±, 2|s:%eg<^sio^:i(^ 

Jgli(c^S¥^^i^gl mffi9 1 0 t-?rWc 

SM$tt5fl&<^^/^>'7'msi4 2 trorflro^taittiicj; 

rir^JT-tS. tSoT, 3 0 0*CiilTcO{g;J&g7'n-fe>^ 
^9 2»e:#ffl7j<-/w«ffi (^tffB^iaSi sot:) 4 

1 ^m^Ltzmc^ ^(D^^m^^~/\^mM4 i roa^^j; t) 

ffi9 0ICi|i#ft:^^-2 0S:^>'7'^' :/^-f 5- t^S-et 

[0 0 9 2] (» 5 o^isojgii) :^?tm<Dm5<Dmm 
(ommit. ^^m(Dm4(omm^mmi,z.m^w^mi^mm 

[0 0 9 3] 12 2 2ic:^-f-i5{-, *^§g(0^5O*te 

i|i^<*:^v;3.-^u-5(4> StS9 0t, Sffi9 0±(cH»: 
7Eia«§ixy5:a»cD^«^t:^i^ {i^^i^=^yy) 20 1 
~2 0 4iS^fil;tT«||$^^T^^5. *^l^0||5 0|| 

^2 0 l~2O4^m{btfc0ilSrIft?^UTV^5/O\ * 
<0»S<@ifc»4 4<@lc[S3£$ix-f, fiaJx-liSfg, i 6<@^ 

*tS9 0©||BI-gaK^?Hfc^SPi8^-9 2±OJl£fgsK- 
>'i'«1S4 iSrffi^TV^So 
[0 0 9 4] Sfi9 0lC(i, *^§go«4(0||JSoj^!i 
5 4 c^Sfi 9 0 t l^ilo t) « Sr^ffi-r 5 

[0 0 9 5] ^i^^f*^^ 2 0 1-2 04 (4g:^6<)(c:i4:$: 
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«ffi(cmfii-5Kaffl^^>7°m®4 2 l:i5iasS:$tt, PI 

0 3iz\tnmm^<y:^9m4 2 s^s, ^i^* 

t^m^2 0 4 l;:ttKii^^^>'^mil4 2 4 i^^ti^tm 

S^nrv^So B:ii«^^>^ail4 2 Itt, «^;tfi¥^ 

4 2 1 (D^^m»m^ 201 o^Efinii?^ 10 
tiiufc®ffi4 21 At Lxmm^n. mmmh^iULt:! 

ffiS4 2 1 Bt UT^ffl^s^^Tv^s. P^tJc, 
:^7'Bffi4 2 2©i|£^{4^^^2 0 2(^)«EfflllH«S4 2 

2 A t LTffiffl $ »Hffl!ll4mii 4 2 2 B t LTffiffl 

$^^TV^5, S-affl/<:/y«ffi4 2 3o¥*f^^^2 0 

3 0^®fill«l;ffi4 2 3At LTffifflSn, ^gffillttm 
ffi4 2 3Bt UTffiffl$*XTV>6o Kiiffl^^>'7'mffi4 
2 4 <Oil^'#(*:^^ 2 0 4 ro^SiMltmffi 4 2 4 A i: UT 

&.m^ti.mmm\-im.m4 2 4Bi:Lxmm^tix\>^ 

So 20 

[0 0 9 6] r tU ?) WK®^^^>'7'*ffi4 2 1 ~ 4 2 4 

o-^ti-^Hicii, m^e^ttiwffin, A^ojKffiitm&jR 

^/<y7*®^4 2 1 ©«1S4 2 1 A, 4 2 1 B. 
>'^>'7'IIfii4 2 2©®ffi4 2 2 A, 4 2 2 B, M®iH>'^ 
i^7'aiS4 2 3 0flffi4 2 3 A. 4 2 3 B , Miiffi^^i^ 
yi;ffi4 2 4(7>l;g4 2 4 A, 4 2 4 BO^tl^iXO^ 

RmaxliO. 2 /t mtiTlcK^e^tilS:: t U 

^mw^^2 0 1 l;:^5V^T^4, ^ffi{»llwmffi4 2 1 30 

A, S®(I1IC«114 2 1 BS:{«X.TV'>'5<73T, 

^ff:|g^2 0 2~2 0 4l::oV^rtl^^-C*)5o 
10 0 9 7] ^UT, *^!^wm5<^^:ffi(^JKlilC#.5 

JKiil::«S¥»ft:^fl4i:Pl«l::, ^l?^c< ttj^Sli:: 

t « 1 WgS^ffl^JR t (D^b-g-taSSrT»f * » 2 

■g-ffl^M (fif9;t«B i) 5:'>ne< i t.^tf, mffi9 1 0 

6$::^^^5E$-a:Tmffi9 l 0t^mt^*^2 0 1<DWM4 
2 1 Bi:(DW!iJ«aW;l»o«8«Wlcg?^$nTV>*. m 

nw:mm'^m 5 e 4 (Dmm<Dmm\mi, 
^m^{i$-mm4twim\^. mmt. i;ffi9io±<Dcu3 

Sni4^f,/i5miOg?^S5 6 Air. ^(OfSlom-kM 

5 6A±(0CU6 Sns 2 Og^-^ff 5 6 B 

t» Se)l::»2©^-g-a5 6B±(OCu3 Snd>t)<e5 50 
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m 3 <o^^Ji 5 6 c 1 1 i t) «|^$i^-cv^5. 

[0 0 9 8] it^^^<$:^^2 0 iroStS9 0'^©7jfi^7'^' 

;^ 9 1 < t timffi 9 1 0 ±1::® 1 ©g-a-ffl&MJi 
5 2 A, « 2 ©gS-e-ffl^Jl 5 3 Aomx^Mitm^^ 

^nxfct). 2 0 iromiS4 2 1 B±IC^3 

(om-^^&mm 5 2 b . m 4 ©s-g-ffl^jsi 5 a b ro-t 
ix'etii>mi^zj^^^nx\>^^ m2 i#fiB.„ ) , m^m 
watkMii. m^fii 5 o'c~2 0 oicroa^tisv^-c, 

1 0 #rBWDfit-5 r i: I- J; "9 , 15 2 ro^-g-fflr&JKS 5 3 
AlcJ;oTft^£S;J5T(f ^nit:ytffiT'mffi9 10<om 
taitfc^JR (Cu) i:»lWg-g-ffl^JSS5 2Ai:S:^t: 

m 1 OS'g'^ 5 6 Aifet/lcm 2 5 6 B 

<0-|IP^4^-t-5ri/i5-Ct, ^4©S^ffli^JR«5 3 

Bi;i ioT'fk-^as^a^-pjf P)jifc^^tffiT?miS4 2 1 bw 
fStsi£»^m (Cu) tm3om'^M^mm5 2Bti: 
^k-a-^*, » 3 o^-g-g 5 6 cmmcm 2 «gi^^ 5 e 

BW^iJO-eiSSr^figi-SriraSTt, »tffil£ffcg|-g-S 
[0 0 9 9] ¥^^<*^^2 0 irom8i4 2 1 A 

t 2 0 2 (DVM 4 2 2 B t ©la, ^i^^^^^^ 

2 0 2<omM4 2 2At^mti^^^2 0 3©maE4 23 

Biro^-j. ^mi^mf-2 0 3omM4 2 3At^<^mi^m 
'^2 0 4<Dmm4 2 4Bt(Dm(r)^^-rixh-m^t&wi.m-B- 

[0 10 0] w©J:5l-«fig$n6*MI^©«5©#® 

^m<omm\z^^^^ii^mm.4 trnm^. ms9 1 o t 

^•*T.I-Sg?^?ixS^^f*:^^-2 0 10«ffi4 2 1Bh<0 
ili^ft:*^2 0 1©®1i4 2 1At¥^»«:^TF2 0 
2©miS4 2 2Bi:©PBl, ij'^^i^ill^ 2 0 2©ttfii4 2 
2Ai:iH^^«c|g^2 0 3W«ffi4 2 3Bt©ia. ^^i^ 
m^2 0 3<r>Wm4 2 3A}i^v^i^mi-2 0 4(n>mM4 
24Bi:©raro)Sfflt£mt-iSg-8-a«?r. m2©»-a- 
M^JR2fcr/«4rog-g-ffl^JR (mtfBi) ici^T 
tf, ;i*3;i»o3J{*©ra(Dg?-g-»gSr®2®g!-g-ffl^S^t 
t;!m4 0g'g-ffl^M{CJ;t9fl5*^:r i:*5-C'#5, t¥o 
T, 3 0 0'CtiT©<6S.g7'n-fe;^^^ffl-r5ri;45-C 

i?a-/w5J;i*5VNTi4, SS9 oro^SBiS^-g 2JciiiB 

Ji^->'i-mii4 1 ^jgfi£Lfc^(c, iOi}iH/jf-/ul;ffi4 

^■5<OT\ S«9 0IC^^<*:^^2 0 1-2 04$::Jf>' 
v^ifigT'tTxSro-r\ ^j^'^i*:^^ 2 0 1 ~ 2 0 4 ©JErit 
[0101] 6 ©*li£(OJ]^jfi) *|g?g©m 6 ©^Ig 
4 t3|s|6SJ©i(5©|llS©J^«8tc#5i|i*«:*-:^a-/i- 
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[0 102] 0 2 atoT^i-iptc. :^^m(o^e(Dmm 

[0 10 31 '¥^mi^^i^^-/i'6(D^mi^mm4(Dmm 
9 0 t(Dmit:^mm(Dm4<Dmm(OM 

m\zm^^^»mm4i:mm\mnii:mm^m5 ext/ 
m^<yymm4 2^ifrtE$^txm^^tix\,^^7^K ±t 
\^mm^tifc^mt^'^m4m\t^mmmmm9 0 otci 

[01041 ^rsmmmm 9 0 0 ii. Mx«^^fl:»g 20 

819 0 1. «S(cmffi9 0 2^<t;t^ «;^9 0 1 1 9 0 

2t<Dm }tmfmMm 9 0 3 j; 19 sas^ \cmm ^ tix 

V^5o«ffi901, 9 0 2O^ix€jX(0/>/i< tt^B 

ll6 0*^£^^?gli^C*5V^T, m®9 0 1. 9 0 2(D^tl 
mil C u ?SK-Cfl^^ $ ixT V ^ 5 0 
[0 10 5] ¥«flciJB40S«9 ocottffig 1 1 

PbIis^ss 9 0 0 (Dmwm(DmM 902^ orB^> ^'p^^g^ 

9 0 0 <?5^ffifiiJoaiS 9 0 1 i ^^fr^g 4 (^S 30 
ffi9 0C0^SB«^ 9 2(0^tl^ti<Dm\t. JStB 

5 6^ f^^t^JStBtett^-g^Ji 5S\Z.X^m^ 

[0 10 6] w<oj;5i-«^$tb^*M?gom6<^4#@fi: 

mm4(Dmm9 o(Dmm9 1 1 t'ttii^imm^h^^'m 
mmmm 900 (omm 9 0 2 ^ op^, ^mmmmwL 9 0 
0 OSS 9 0 1 1 ¥#«c^a 4 (^stR 9 0 f^^asffii^ 9 
2to)?^'\(Dm^i!:mc^^m^^&i:.m2<Dm^m'^ 40 

Jg.Rl/m4c^g^ffl^Jg (f!l;t{fB i) fdi^Ttf. fj: 
^^--^M1^(Dm(Dt^^^m^^ 2 4 
oe-g^ffl^jSlcJ:t)ii5*6ri:;6S-Ct5o ^^oT. 30 

[0107] 7 (ommomm) ^mmom 7 cd^js 
^^j^ffiii. *^p^fo^i(^^jg(^?g)if;i«^^^($isa 

l^c:^3V^T. Sffil OOSffii 1 0 i:^/^v:/Sffi4 0 
[0108] 7 (OMM(Dmmit. :^mmcom so 



4#gB 2001-274201 

22 

i(omm<Dmm\z^^mi^mmiK:^\^^x. mmio 

±(D])-h^nmi io/>;t< thM^i 1 o^7)Sffi. i" 

^^^fc>"b«tej£tfcg^i 5 6 (Dm^mm^m^ij:m^mm 

i^W-mtLtz-^CDXh^o m2 4\C7jki-X^\z^ -cos 

mi 1 o(o^m(D^mit (¥mmmi:n^'Fx^ 

2\zx^nmxn^^tr^x^^. mmmiEy 

-/^6 2(7)l;ffig«tffiJl^J^{iigBtt±if ^rfroTVN^ 
rt;d5»*L<. 0ij^tf@ffil 1 OO^ffift^Rma x 
110. 2/zmtJlTI-i^^i-^:i<b;55$f^LV\ 

[0 10 9] :^mm^f)mmLtimmm^\cx.ni^. m 

-a^iaS;d54 0 ot:. 1 og?, W^^MM^^SO 

MP a <7)^^tT^C:^oV^T?SEtBS^^S^l^l^ 3 ^ m(Dm 
^X±^:^iltz(D\ZMLX. mm<Dmm&^ Rm a x7^> 
0 . 2 /I m. ffitBi£»:4!La(Dg-g^^ag;d5 3 0 0 1:. 
^rp^;65 1 0?J>. S'&*na:d5 5 OMP a^?5^#T^C:^V^T 

[0 1 1 01 ;i:fb\ «Sl 1 OOWftJl, 
jEit^McoSBJ-fToTt J:v>L. Sffil i 0(D^®± 
\zm 1 oa-^ffl^mi 5 2.^2 (7)S'g^M^Jgl 53(0 

m:t\fmmi 1 0±(::miSl 1 0(Dy<^-yzzi^ 
[0 111] rcoJ:5lc;t:^Bj(^)M7cO^JS(^Jgj^(c>S 

5¥^f*^g 1 {c:j3VNT[i. m^wm^^m 5 e 

-fsmffil 1 0(D^BS:¥aiki-^wi:i;iJ:^), 

So 

[0 112] (M8(^?^i£<o?g®) imWi<r>%%(r>%'^ 

1 7!^M*:^§^com4 (^^J£(^?F^^tC'ff.5^^^*iSa4 . 
?g COM 5 >5 ^^i^ ^ ^ -/l- 5 , 

atU^tc:*:^0J(^M 7 (^^JSO?F^ffi(c#.5^^^*^a 1 
*3l^>T. JSIf fi^t;:^^^ 5 6,58 (0^^^^(D^^^ 

[0 113] *«W(o»8^^iio?i5sgii, m^^^m. 

ismsm hx^fz^hxh^. m.^nmm^^'^^ 

«1 0 0t:'-3 0 0t:<^<g:MSt-*3V^Tl /im-'2 0;i 
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[0 114] m2 5(mnw:mmm(Dm'^^&tmnw: 

X-^ (A) (i, BEMCu^]^±(C4 /ain©^J?cOS n 
1 Og^ffl^iR) . 1 M mWligJl© B i (« 2 

So X-^ (B) II. ®^CufSM±i-4 MmCOMil® 

Sn, 1 nm(Dmm<OB i iDitl^tl^mf^L, 

B i |^±5r|6]M^-g-Br. m»C uSKP±^aia'g-*p* 

(B) i^it-<T, 7^-^ (A) ■tfit'h&mcummv 

[0 115] 02 51CH, JESCu?SM±{;i4;i 

mOM^CD S n , In mW^ffO B i (D^il^i\,^W^^ 

roBifcAu (^^<y7'm®4 oi;itiat-5) 5r 

(a) tLT, ®«PCu?SK±{C4 ;2mWl^#©S 

n, l//mCiKffOB imn^fl^^^L^ wOB i 
ICA u ^mta-g-iPiirfc^^SgTifig LfcvSfiffi«g^l<^ 
W&^'f-d' (b) tL,T/T^LTV^5o X-^' 
(b) lilit'^T, 7^-^ (a) ■Tftt'hSMCnmmt 

^Stt±#i- 5 ffilS] LTV 

[0 116] :.<DX^\zm^^iv6:^mm(om8(Dmm 
[0 117] ii(Dm<omn(omm) *i8Wtt±sEasc 

[0 118] m^ii. :i^Wm. -7f-'-^-K, K-^ 

5iii^(i:s^tti#??r*s-rsmi^x/w^, ±mmm& 



(13) i|tBI! 2001-274201 

24 

[0 119] *^!gt4, s^i^i^g^-a-fcffitaifi: 

r-feSiry 5 (AI2O3) ^'pf£< ti^^mM 

[0 12 0] *5IMttrr.T?i4EitUTv^ 

K^^mm>^^mmci.c>x(D^^fyhfi^.h<ovh 
5, 

[0121] 

[0 12 2] ^felJi, BSSittSril^^t U^j:v> 

20 [0 12 3] $P>(C, tt®Wg|-a-^gS:|S]± 

[0 12 4] ^hiz^ *^gg(4, 

[0 12 5] Mitnx h5r«'>-f-S 

30 mmoiss^timm] 

KTWl'»3tS:SM-t-5^»«:3SB(-*3VN-C. (A) H 
|f!yE«3j?i^7'^v^^o«SiSS55-<Dl£:*:»fiSia, (B) 

[ma] (A) Tis (c) \t:^mm(Dmi<ommmm 
[04] (A) (c) it:^mm(omi<omm.(Dmm 
[05] :^^fn<omi<r>mmommizmimiismfm'k 

[He] *^?^(omi«»li6©Jgffilc«5Jji^flc^e© 

jLUWimmx-hi, 

[0 71 0 6»::«<*36Ww||l©IIJS©JKll8Jw«5i|£ 
50 i)r#:^S(^xatlrS0-?S>So 
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imio] 0 9 \m<^^^(om i (omn^^m^^i 
[mil m 1 0 ic^< *^i^com 1 <ommnmm\m 
[HI 2 1 HI 1 \cm.<^^m<o^ 1 nnmn^m^^ 
[ia 1 3 1 [112 \zm.< ^^m<o'^ i ro*jgrojgji(i« 
(mi 41 :^mm(om2(Dmmmm\^^^^^^-^^-^u 

[0151 :^^^<om2(omm<omm\mi-^~A^^'} 

[0161 *^?^<om2cO»J|<^}^jiiCftSiH^^i$:i^a 
OXS»f®0-Cfe5, 20 

[0171 01 6\m<-^^m(r>^2<ommo)mm\z.^ 
(0181 :i^?^m<Dm^<Dmmo^i^m\mi^^wmi 

(0191 *|g?^(73m3 (D»tg©3^^IC#i5i|£gr{*^S 
<^WSCOlSf^S0Tfc 5 . 

(02 01 :^%m(o'^4<D%m<omm\mz^m{m^ 

(02 11 *^?gco^4 0*tgro}gj|lC«5i|t^^*Sfl 
[02 21 *^?^(0^5<D^SWJi^!il-ffi5¥'^{$^-v; 

[02 31 :^%mof^6<r>W&(Dii^mi\z%z>^mi^=^'y 

[02 41 *MI^(0^7(D^JSOJg^(C'^5it£^^^^S 
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[02 5] *:MBJi7)m8WKJg<OJi^ffi(C'^2>?StSl£f[8 

1-4 ^mmm. 

10, 7 0, 90 Sffi 

110, 710, 910, 421 A, 421B, 422 

A, 422B, 423 A, 423B, 424 A, 424 

B, 9 0 1, 9 0 2 

11,91 y - vwM 

1 2, 7 2, 9 2 

1 3, 9 3, 9 03 mmjsm 

2 0, 2 0 1~2 0 4 ^MWm=^ 
2 1 ^-yf^l^i^^^yV 

4 0 ^^^vysfli 

4 2 ^^^i^T'mffi 

5 2, 5 2 A » 1 (^a-a-ffl:&JlJi 

5 3, 5 3A w,2<Dm'^m^mm 

5 2B msrog^ffl^ms 

5 3B ^4Wg-e-ffl^|IS 
5 4 A, 54B jRtSfeffc^JgS 
5 5 /^y 

5 6 m^wm^m 

5 6A miroS^g 

5 6B «2C0g-a-« 

5 6 C » 3 rogj^a 

6 0 im^^-yf^yi^ms. 
6 1 JDf8i;^r-i? 

6 2 »Dfi*D/E5'-/l' 

7 1 , 8 0 B y - K 

8 OA 

8 1 ^^-ir 

8 2 I^IIitihSB 

421, 422, 423, 424 

9 0 0 'I'r^^iSj^Sig 
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115] 




70 



2 ^9{4iSia 

71 U-K 

21 *>x-<>4^/XyK 



74 



40 ±i\>'fWA 

710 «a 



im 61 
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7> 70^ ^ ^ 5tf^ 
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Jl 70 
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52A % 1 (fm^Y^^mm 



53A 9; 2 0)^^^0/1 
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II 91 



,81 ,21 20 f2I 81 




21 *V?-f>4^/tyK 



56 mmuwim^m 
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5 mi^^m 

91 U-KE» 

56A m 1 om^m 
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90 WI& S6B,S8B ^2<09^^m 

91 U - KB»» 56Q58C m 3 <;!>S^^« 

^nK^ia^'T' 9i(K9ii mm 

2n^>^^>{/j\y\i 901^ 
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